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(57) ABSTRACT 

On a GaAs substrate 1, a light emitting part 4, an intermediate 
layer 5 ofAlGaInP and a current spreading layer 6 are sequen 
tially formed. The light emitting part 4 includes a ?rst con 
ductivity type AlGaInP based loWer cladding layer 41, an 
AlGaInP based light emitting layer 42, and a second conduc 
tivity type AlGaInP based upper cladding layer 43 sequen 
tially formed on the GaAs substrate 1. In each layer of the 
light emitting part 4, a hydrogen concentration is not more 
than 2><10l7 cm_3, a carbon concentration is not more than 
2><10l6 cm_3, and an oxygen concentration is not more than 
2><10l6 cm_3. In a partial region or in a total region of the 
current-spreading layer 6, a hydrogen concentration is not 
more than 5><10l7 cm_3, a carbon concentration is not more 
than 5><10l7 cm_3, and an oxygen concentration is not more 
than 2><10l6 cm_3. 

16 Claims, 5 Drawing Sheets 

7 CATHODE ELECTRODE 
37 ELECTRODE 
CONTACT LAYER 

43 UPPER CLADDING 
LAYER 
LIGHT EMITTING MIGHT 
LAYER EMITTING 

41 LOWER CLADDING PART 
LAYER 

5 INTERMEDIATE LAYER 
36 GaP LAYER 
35 PARTIAL ELECTRODE 

34 LIGHT TRANSPARENT FILM 
33 EPITAXIAL LAYER SIDE 

METAL LAYER 
32 SUBSTRATE SJDE 

METAL LAYER 

CONDUCTIVE 
SUBSTRATE 

8 ANODE 
ELECTRODE 



US. Patent Jan. 26, 2010 Sheet 1 0f 5 

FIG.1 

IO LIGHT EMITTING 
_ DIODE 

US 7,652,281 B2 

8 ANODE ELECTRODE 

x/ 
6 CURRENT 
SPREADING 
LAYER 

5 INTERMEDIATE 
LAYER 

43 UPPER CLADDING \<<<§<<<<< //// //// 

>\\\\\\\\\\ 
/ 

//////////?//////// 

LAYER 
'———- 42 LIGHT EMITTING 

LAYER 
4I LOWER CLADDING 

LAYER 

4 LIGHT 
EMITTING 
PART 

3 BRAGG REFLECTION 
LAYER 

\ \\ \ ‘l \ \ \ \€\2 BUFFER LAYER 

I GaAS SUBSTRATE 

7 CATHODE 
ELECTRODE 



US. Patent Jan. 26, 2010 Sheet 2 of5 US 7,652,281 B2 

FIG.2 
UPPER CLADDING CURRENT 
LAYER SPREADING 

p-TYPE(A|,Ga,.,),ln,_yP LAYER 
(x‘=.0.7. yawn p-TYPE GaP 

CONDUCTION 
BAND-EDGE 
(EC) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~- FERMI LEvEL 

VALENCE 
(1:1 HOLE BAND-EDGE 

BAND-EDGE 
DISCONTINUITY 

FIG. 3 
UPPER CLADDING INTERMEDIATE CURRENT 
LAYER LAYER SPREADING 
p-TYPE(AI,Ga,_ )JnHP g-KYEE LAYER 

(x'=.0.7. y'=.0.51> a n p-TYF’E GaP 

W CONDUCTEON BAND~EDGE 
(EC) 

W 

----------------------------------------------------------------------------------------------- -~ FERMI LEVEL 

TUNNEL VALENCE 
CURRENT <7: HOLE BAND-EDGE 

BAN D-E DGE (Ev) 
DISCONTINUITY 



US. Patent Jan. 26, 2010 Sheet 3 of5 US 7,652,281 B2 

FIG.4 

2 LIGHT EMITTING 
DIODE 

8 ANODE ELECTRODE 

5 CURRENT~ 
SPREADING 
LAYER 

9 CONCENTRATION 
vARIED REGION 

5 INTERMEDIATE 
LAYER 

43 UPPER CLADDINC 
LAYER 

2 LIGHT EMITTING 4 LIGHT 
LAYER EMITTING 

41 LOWER CLADDING PART 
LAYER 
3 BRAGG REFLECTION 
LAYER 

2 BUFFER LAYER 

1 GaAs SUBSTRATE 

7 CATHODE 
ELECTRODE 



US. Patent Jan. 26, 2010 Sheet 4 of5 US 7,652,281 B2 

FIG.5 
3O LIGHT EMITTING 
_ DIODE 

7 CATHODE ELECTRODE 
37 ELECTRODE 

CONTACT LAYER 

43 UPPER CLADDING 
LAYER 

42 LIGHT EMITTING 4LIGHT 
LAYER EMITTING 

41 LOWER CLADDING PART 
LAYER 

5 INTERMEDIATE LAYER 
36 GaP LAYER 
35 PARTIAL ELECTRODE 

34 LIGHT TRANSPARENT FILM 
33 EPITAXIAL LAYER SIDE 

METAL LAYER 
32 SUBSTRATE SIDE 

METAL LAYER 

1 CONDUCTIVE 
SUBSTRATE 

8 ANODE 
ELECTRODE 



US. Patent Jan. 26, 2010 Sheet 5 0f 5 US 7,652,281 B2 

FIG.6 

PRIOR ART 

I00 LIGHT EMITTING 
DIODE 

I05 ANODE \ ELECTRODE 

////// \l 103 CURRENT SPREADING 
LAYER 

\\\\\\\\\\\{ \I023 UPPER CLADDING 
/////////// LAYER 

‘ I022 LIGHT EMITTING 102 

\\\\\\\\\\N ER 
IOZI WER CLADDING I LIGHT EMITTING 

LAYER PART 

x101 GaAs SING 
CRYSTAL BSTRATE 

_/ 104 CATHODE ELECTRODE /////l//////////////////, 



US 7,652,281 B2 
1 

LIGHT EMITTING DIODE 

The present application is based on Japanese Patent Appli 
cation No. 2006-273298 ?led on Oct. 4, 2006, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a light emitting diode using 

an AlGaInP based material for a light emitting layer. 
2. Related Art 
A light emitting diode using anAlGaInP based material for 

a light emitting layer is Widely used, for example, as a light 
source for a display of household electric appliances or indus 
trial apparatus, since it is possible to obtain a light emission 
Wavelength band from yelloW green to red by controlling a 
mixed crystal composition of the light emitting layer. 

FIG. 6 is a schematic diagram shoWing a cross sectional 
vieW of a conventional light emitting diode. This light emit 
ting diode 100 mainly comprises a GaAs single crystal sub 
strate 101, a light emitting part 102 epitaxially groWn on the 
GaAs single crystal substrate 101 by MOVPE (Metal Organic 
Vapor Phase Epitaxy), and a p-type current-spreading layer 
103. A cathode electrode 104 is formed on a back surface 
(loWer surface) of the GaAs single crystal substrate 101, and 
an anode electrode 105 is formed on a front surface (upper 
surface) of the current-spreading layer 103. 
The light emitting part 102 has a double hetero structure 

(DH structure) comprising three layers, namely, an n-type 
loWer cladding layer 1021, a light emitting layer 1022, and a 
p-type upper cladding layer 1023. 

In a con?guration of FIG. 6, by supplying an electric cur 
rent betWeen the cathode electrodes 104 and the anode elec 
trode 105, a light emission is generated in the light emitting 
layer 1022, and the light is emitted to the outside mainly 
through the upper cladding layer 1023 and the current 
spreading layer 103. 

Conventionally, techniques for realiZing the light emitting 
diode of the above con?guration With a higher luminance 
have been studied. For example, US. Pat. No. 5,008,718 and 
Japanese Patent Laid-Open No. 3-171679 disclose a con?gu 
ration in Which a substantially transparent semiconductor 
material With respect to an emitting light of GaP, AlGaAs or 
the like is used for a current-spreading layer 103, so as to 
improve an ef?ciency of taking out the light. Japanese Patent 
No. 3290672 discloses a con?guration in Which a light emit 
ting layer 1022 has a multiquantum Well (MQW) structure so 
as to improve an internal quantum e?iciency of a light emit 
ting part 102. 

Furthermore, US. Pat. No. 5,153,889 and Journal ofCrys 
tal GroWth 107 (1991), pp. 832-835 disclose a con?guration 
in Which a Bragg re?ection layer comprising a multilayer 
structure of semiconductor is provided betWeen a GaAs 
single crystal substrate 101 and a light emitting part 102, and 
the Bragg re?ection layer re?ects the light emitted from the 
light emitting layer 1022 to a side of the GaAs single crystal 
substrate 101 back to a current-spreading layer 103 side. 

In addition, it is important for the light emitting diode that 
a cost and a poWer consumption are loW. For the case of the 
light emitting diode 100 having the con?guration shoWn in 
FIG. 6, the light emitting part 102 generally comprises 
AlGaInP, GaInP, AlInP or the like, Which is epitaxially groWn 
With a mixed crystal composition having a lattice constant 
substantially equal to that of the GaAs. For example, When a 
GaP layer is epitaxially groWn as the current- spreading layer 
103 on the upper cladding layer 1023, deterioration in quality 
of a surface of the GaP layer and increase in a forWard voltage 
may be caused, due to mismatch of the lattice constants of the 
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2 
upper cladding layer 1023 and the current-spreading layer 
103 or a band discontinuity at an interface therebetWeen. 

As a means for solving this problem, Japanese Patent No. 
3233569 discloses a con?guration in Which an intermediate 
layer comprising GaInP or the like is formed betWeen the 
upper cladding layer 1023 and the current-spreading layer 
103. 

Still further, little fall in luminance due to a long-term 
electri?cation and a high reliability are requested in the light 
emitting diode. It is knoWn that the luminance falls When a 
dopant moves to the light emitting layer 1022 from the loWer 
cladding layer 1021, the upper cladding layer 1023 and the 
current-spreading layer 103 in the light emitting diode 100 
shoWn in FIG. 6. It is assumed that a penetration of the dopant 
is caused by a thermal history in the epitaxial groWth of each 
layer composing the light emitting diode by using MOVPE 
method, and the electri?cation to the light emitting diode, and 
that the dopant moved to the light emitting layer 1022 causes 
a crystal defect in the light emitting layer 1022, Which func 
tions as a nonradiative recombination center of a carrier, 
thereby reducing the luminance. 
As means for suppressing the penetration of the dopant as 

described above, a con?guration in Which an undoped clad 
ding layer is provided betWeen the upper cladding layer and 
the light emitting layer, or betWeen the loWer cladding layer 
and the light emitting layer is knoWn, as disclosed by Japa 
nese Patent No. 3195194 and US. Pat. No. 5,856,682. Fur 
ther, a con?guration in Which a carrier concentration of the 
WindoW layer provided as a current-spreading layer is loW 
ered at a side of the light emitting part 4 is knoWn, as disclosed 
by Japanese Patent Laid-Open No. 5-335619. 
The above explanation mainly relates to the light emitting 

diode comprising a GaAs substrate and a crystal layer for a 
light emitting diode formed on the GaAs substrate. On the 
other hand, the light emitting diode having a con?guration in 
Which a substrate and a crystal layer for a light emitting diode 
are joined to each other is recently put into practical use. For 
example, as disclosed by US. Pat. No. 5,376,580 and US. 
Pat. No. 5,502,316, a technique for epitaxially groWing a 
crystal layer on a GaAs substrate, joining another substrate to 
a surface of the crystal layer, and thereafter removing the 
GaAs substrate used for the epitaxial groWn is knoWn. 

In addition, as an example of a junction structure betWeen 
the substrate and the crystal layer, there is a con?guration in 
Which the substrate and the crystal layer are joined to each 
other via a metal layer and the metal layer also functions as 
the light re?ecting layer. For this case, by composing the 
junction of a metal layer With a high re?ectance, the lumi 
nance can be largely improved, compared With the aforemen 
tioned conventional light emitting diode comprising the 
GaAs substrate and the crystal layer epitaxially groWn on the 
GaAs substrate. 

HoWever, according to the conventional light emitting 
diodes, since the effect of suppressing the penetration of the 
dopant into the light emitting layer is insu?icient, there is a 
disadvantage in that the luminance falls after the long-term 
electri?cation. Further, in vieW of realiZing the loW poWer 
consumption, it is necessary to further reduce the forWard 
voltage. Still further, since the light emitting diode is used for 
an exterior lamp for a vehicle or a signal apparatus, loW poWer 
consumption is further required strongly in vieW of environ 
ment responsiveness as Well as a high reliability is required. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to provide an 
AlGaInP based light emitting diode in Which a fall of the light 
emitting luminance is small, loWer poWer consumption can 
be realiZed, and a high reliability can be obtained. 
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According to a ?rst feature of the invention, a light emitting 
diode comprises: 

a ?rst conductivity type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of Which is 
selected from a ?rst conductivity type AlxOGal_xOAs 
(02x02 1 ); 

a loWer cladding layer comprising a ?rst conductivity type 
(AlxlGal_xl)yllnl_ylP (02x1 21, 0.42yl 20.6); 

a light emitting layer having a multiquantum Well structure 
comprising an (Al,€2Ga1_,€2)y2lnl P (02x22 1, 
0.42y220.6); 

an upper cladding layer comprising a second conductivity 
type (Alx3Gal_x3)y3lnl_y3P (02x32 1, 0.42y320.6); and 

a current spreading layer comprising a second conductivity 
type GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><l0l7 cm_3, a ?rst carbon concentration is not more than 
2><l0l6 cm_3, and a ?rst oxygen concentration is not more 
than 2x 1 0l 6 cm-3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer, and a second 
hydrogen concentration is not more than 5><l0l7 cm_3, a sec 
ond carbon concentration is not more than 5><l0l7 cm_3, and 
a second oxygen concentration is not more than 2x 1 0l 6 cm'3 
in a partial region or in a total region of the current-spreading 
layer. 

According to a second feature of the invention, a light 
emitting diode comprises: 

a ?rst conductivity type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of Which is 
selected from a ?rst conductivity type (Alx4Gal_x4)y4lnl_y4P 
(02x42l, 0.42y420.6); 

a loWer cladding layer comprising a ?rst conductivity type 
(AlxlGal_xl)yllnl_ylP (02x1 21, 0.42yl 20.6); 

a light emitting layer having a multiquantum Well structure 
comprising an (Alx2Gal_x2)y2ln1_y2P (02x2 21, 
0.42y220.6); 

an upper cladding layer comprising a second conductivity 
type (Alx3Gal_x3)y3lnl_y3P (02x32 1, 0.42y320.6); and 

a current spreading layer comprising a second conductivity 
type GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><l0l7 cm_3, a ?rst carbon concentration is not more than 
2><l0l6 cm_3, and a ?rst oxygen concentration is not more 
than 2x 1 0l 6 cm'3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer, and a second 
hydrogen concentration is not more than 5><l0l7 cm_3, a sec 
ond carbon concentration is not more than 5><l0l7 cm_3, and 
a second oxygen concentration is not more than 2x 1 0l 6 cm'3 
in a partial region or in a total region of the current-spreading 
layer. 

According to a third feature of the invention, a light emit 
ting diode comprises: 

a ?rst conductivity type GaAs substrate; 
a Bragg re?ection layer comprising materials selected 

from a ?rst conductivity type Alx5Gal_x5As (02x5 21) and a 
?rst conductivity type (Al,g6Gal_x6)y6lnl P (02x62 1, 
0.42y620.6); 

a loWer cladding layer comprising a ?rst conductivity type 
(AlxlGal_xl)yllnl_ylP (02x1 21, 0.42yl 20.6); 

a light emitting layer having a multiquantum Well structure 
comprising an (Al,€2Ga1_,€2)y2lnl P (02x22 1, 
0.42y220.6); 

an upper cladding layer comprising a second conductivity 
type (Alx3Gal_x3)y3lnl_y3P (02x32 1, 0.42y320.6); and 
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4 
a current spreading layer comprising a second conductivity 

type GaP layer; 
Wherein a ?rst hydrogen concentration is not more than 

2><l0l7 cm_3, a ?rst carbon concentration is not more than 
2><l0l6 cm_3, and a ?rst oxygen concentration is not more 
than 2><l0l 6 cm'3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer, and a second 
hydrogen concentration is not more than 5><l0l7 cm_3, a sec 
ond carbon concentration is not more than 5><l0l7 cm_3, and 
a second oxygen concentration is not more than 2><l016 cm“3 
in a partial region or in a total region of the current-spreading 
layer. 

According to a fourth feature of the invention, the light 
emitting diode further comprises: 

an intermediate layer provided betWeen the upper cladding 
layer and the current-spreading layer, the intermediate layer 
comprising (Alx7Gal_x7)y7lnl_y7P (02x72 1, 02y72l) 
doped With a second conductivity type dopant having a con 
centration higher than that of a second conductivity type 
dopant in the upper cladding layer; 

Wherein a third hydrogen concentration is not more than 
l><l0l8 cm_3, a third carbon concentration is not more than 
l><l0l8 cm_3, and a third oxygen concentration is not more 
than 5><l0l6 cm'3 in the intermediate layer. 

According to a ?fth feature of the invention, in the light 
emitting diode, the concentration of the second conductivity 
type dopant of the intermediate layer may be not less than 
5><l0l7 cm_3, and the intermediate layer further includes a 
?rst conductivity type dopant having a concentration loWer 
than that of the second conductivity type dopant. 

According to a sixth feature of the invention, a light emit 
ting diode comprises: 

an n-type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of Which is 
selected from an n-type AlxOGal_xOAs (02x02l); 

a loWer cladding layer comprising an n-type (Al,Cl 
Gal_xl)yllnl_ylP (02x21, 0.42yl 20.6); 

a light emitting layer having a multiquantum Well structure 
comprising an (Alx2Ga1_x2)y2lnl P (02x22l, 
0.42y220.6); 

an upper cladding layer comprising a Mg-doped p-type 
(Alx3Gal_x3)y3lnl_y3P (02x32l, 0.42y320.6); and 

a current spreading layer comprising a Mg-doped p-type 
GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><l0l7 cm_3, a ?rst carbon concentration is not more than 
2><l0l6 cm_3, and a ?rst oxygen concentration is not more 
than 2><l0l 6 cm-3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer, and a second 
hydrogen concentration is not more than 5><l0l7 cm_3, a sec 
ond carbon concentration is not more than 5><l0l7 cm_3, and 
a second oxygen concentration is not more than 2><l016 cm“3 
in a partial region or in a total region of the current-spreading 
layer. 

According to a seventh feature of the invention, a light 
emitting diode comprises: 

an n-type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of Which is 
selected from an n-type (Alx4Gal_x4)y4lnl_y4P (02x42l, 
0.42y420.6); 

a loWer cladding layer comprising an n-type (Al,Cl 
Gal_xl)yllnl_ylP (02x1 21, 0.42yl 20.6); 

a light emitting layer having a multiquantum Well structure 
comprising an (Al?Gal _,€2)y2lnl _y2P (02x2 21, 
0.42y220.6); 
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an upper cladding layer comprising a Mg-doped p-type 
(Alx3Gal_x3)y3In1_y3P (02x32 1, 0.4§y3§0.6); and 

a current spreading layer comprising a Mg-doped p-type 
GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><l0l7 cm_3, a ?rst carbon concentration is not more than 
2><l0l6 cm_3, and a ?rst oxygen concentration is not more 
than 2x 1 0l 6 cm-3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer, and a second 
hydrogen concentration is not more than 5><l0l7 cm_3, a sec 
ond carbon concentration is not more than 5><l0l7 cm_3, and 
a second oxygen concentration is not more than 2x 1 0l 6 cm-3 
in a partial region or in a total region of the current-spreading 
layer. 

According to an eighth feature of the invention, a light 
emitting diode comprises: 

an n-type GaAs substrate; 
a Bragg re?ection layer comprising materials selected 

from an n-type Alx5Gal_x5As (02x52 1) and an n-type 
(Alx6Gal_x6)y6In1_y6P (Oéx6él, 0.4§y6§0.6); 

a loWer cladding layer comprising an n-type (Al,Cl 
Gal_xl)ylIn1_ylP(0§xl§l,0.4§yl§0.6); 

a light emitting layer having a multiquantum Well structure 
comprising an (Alx2Gal_x2)y2In1_y2P (02x2 2 l, 
0.4§y2§0.6); 

an upper cladding layer comprising a Mg-doped p-type 
(Alx3Gal_x3)y3In1_y3P (02x32 1, 0.4§y3§0.6); and 

a current spreading layer comprising a Mg-doped p-type 
GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><l0l7 cm'3, a ?rst carbon concentration is not more than 
2><l0l6 cm3 , and a ?rst oxygen concentration is not more than 
2><l0l6 cm'3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer, and a second 
hydrogen concentration is not more than 5><l0l7 cm_3, a sec 
ond carbon concentration is not more than 5><l0l7 cm_3, and 
a second oxygen concentration is not more than 2x 1 0l 6 cm'3 
in a partial region or in a total region of the current-spreading 
layer. 

According to a ninth feature of the invention, the light 
emitting diode further comprises: 

an intermediate layer provided betWeen the upper cladding 
layer and the current-spreading layer, the intermediate layer 
comprising (Alx7Gal_x7)y7In1_y7P (Oéx7él, 0§y7§l) 
doped With Mg to have a Mg concentration higher than that in 
the upper cladding layer; 

Wherein a third hydrogen concentration is not more than 
l><l0l8 cm_3, a third carbon concentration is not more than 
l><l0l8 cm_3, and a third oxygen concentration is not more 
than 5><l0l6 cm'3 in the intermediate layer. 

According to a tenth feature of the invention, in the light 
emitting diode, the intermediate layer includes at least one 
element selected from a group consisting of Si, Se, and Te as 
an n-type dopant, and a total of n-type dopant concentration is 
not less than 5><l0l7 cm'3 as Well as loWer than the Mg 
concentration. 

According to an eleventh feature of the invention, a light 
emitting diode comprises: 

a conductive substrate; 
a multilayered crystal layer comprising a plurality of com 

pound semiconductor crystal layers joined With the conduc 
tive substrate via a metal layer, the multilayered crystal layer 
comprising: 

a loWer cladding layer comprising a ?rst conductivity type 
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6 
a light emitting layer having a multiquantum Well structure 

comprising an (Alx2Gal_x2)y2In1_y2P (02x22 1, 

an upper cladding layer comprising a second conductivity 
type (Alx3Gal_x3)y3In1_y3P (02x32 1, 0.4§y3§0.6), 
sequentially deposited from a side in vicinity of the 
conductive substrate; and 

Wherein a hydrogen concentration is not more than 2><l0l7 
cm_3, a carbon concentration is not more than 2><l0l6 cm_3, 
and an oxygen concentration is not more than 2><l0l6 cm-3 in 
each of the loWer cladding layer, the light emitting layer, and 
the upper cladding layer. 

According to a tWelfth feature of the invention, the light 
emitting diode further comprises: 

a ?rst conductivity type GaP layer provided betWeen the 
conductive substrate and the loWer cladding layer, 

Wherein a hydrogen concentration is not more than 5><l0l7 
cm_3, a carbon concentration is not more than 5><l0l7 cm_3, 
and an oxygen concentration is not more than 2><l0l6 cm'3 in 
at least a partial region of the GaP layer. 

According to a thirteenth feature of the invention, the light 
emitting diode further comprises: 

an intermediate layer provided betWeen the GaP layer and 
the loWer cladding layer, the intermediate layer comprising 
(Alx7Gal_x7)y7In1_y7P (02x72 1, 0§y7§ 1) doped With a 
?rst conductivity type dopant having a concentration higher 
than that of a ?rst conductivity type dopant in the loWer 
cladding layer; 

Wherein a hydrogen concentration is not more than l><l0l 8 
cm_3, a carbon concentration is not more than l><l0l8 cm_3, 
and an oxygen concentration is not more than 5><l0l6 cm-3 in 
the GaP layer. 

According to a fourteenth feature of the invention, in the 
light emitting diode, the concentration of the ?rst conductiv 
ity type dopant of the intermediate layer is not less than 
5><l0l7 cm_3, and the intermediate layer further includes a 
second conductivity type dopant having a concentration 
loWer than that of the ?rst conductivity type dopant. 

According to a ?fteenth feature of the invention, in the light 
emitting diode, the conductive substrate comprises a material 
selected from a group consisting of Si, GaAs and Cu. 
According to a sixteenth feature of the invention, a light 

emitting diode comprises: 
a conductive substrate; 
a light emitting part comprising: 
a ?rst conductivity type AlGaInP based loWer cladding 

layer; 
a light emitting layer having an AlGaInP based multiquan 
tum Well structure; and 

a second conductivity type AlGaInP based upper cladding 
layer; 

Wherein a hydrogen concentration is not more than 2><l0l7 
cm_3, a carbon concentration is not more than 2><l0l6 cm_3, 
and an oxygen concentration is not more than 2><l0l6 cm'3 in 
each of the loWer cladding layer, the light emitting layer, and 
the upper cladding layer. 

According to the present invention, it is possible to provide 
anAlGaInP based light emitting diode in Which the fall of the 
light emitting luminance is small, the loWer poWer consump 
tion can be realiZed, and the high reliability can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be explained in more detail in 
conjunction With appended draWings, Wherein: 
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FIG. 1 is a schematic cross sectional vieW of a light emit 
ting diode in a ?rst preferred embodiment according to the 
present invention; 

FIG. 2 is an explanatory diagram shoWing a band con?gu 
ration in vicinity of a junction of a cladding layer and a 
current-spreading layer; 

FIG. 3 is an explanatory diagram shoWing a band con?gu 
ration in vicinity of a junction of the cladding layer, the 
current-spreading layer and an intermediate layer; 

FIG. 4 is a schematic cross sectional vieW of a light emit 
ting diode in a second preferred embodiment according to the 
present invention; 

FIG. 5 is a schematic cross sectional vieW of a light emit 
ting diode in a third preferred embodiment according to the 
present invention; and 

FIG. 6 is a schematic cross sectional vieW of a conventional 
light emitting diode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Preferred Embodiment 

(Con?guration of a Light Emitting Diode) 
FIG. 1 is a schematic cross sectional vieW of a light emit 

ting diode in the ?rst preferred embodiment according to the 
present invention. 
A light emitting diode 10 comprises an n-type GaAs sub 

strate 1, an n-type GaAs buffer layer 2, an n-type Bragg 
re?ection layer 3, a light emitting part 4, a p-type intermediate 
layer 5, and a p-type current-spreading layer 6, respective 
crystal layers 2 to 6 being sequentially formed on the n-type 
GaAs substrate 1 by MOVPE method, a cathode electrode 7 
formed on an opposite surface (back surface) of the n-type 
GaAs substrate 1 With respect to the light emitting part 4, and 
an anode electrode 8 formed on an opposite surface (front 
surface) of the current-spreading layer 6 With respect to the 
light emitting part 4. 

The light emitting part 4 comprises a loWer cladding layer 
41, a light emitting layer 42 and an upper cladding layer 43, 
sequentially formed on the Bragg re?ection layer 3. 

For example, the loWer cladding layer 41 comprises an 
n-type (AlxGa1_x)yIn1_yP layer (Oéxél, 0.4§y§0.6). 

For example, the light emitting layer 42 comprises an 
(AlxGal_x)yInl_yP (Oéxél, 0.4§y§0.6) MQW layer. 

For example, the upper cladding layer 43 comprises a 
Mg-doped p-type (AlxGa1_x)yIn1_yP (Oéxél, 0.4§y§0.6) 
layer. 

The reason for de?ning concentration ranges of hydrogen, 
carbon and oxygen in the present invention as described 
above Will be explained beloW. 

The Inventors of the present invention studied in detail and 
continuously about a relationship betWeen an impurity con 
centration and an amount of the dopant moved to the light 
emitting layer 42, since they assumed that the amount of the 
dopant moved from the intermediate layer 5, the current 
spreading layer 6, the loWer cladding layer 41 and the like to 
the light emitting layer 42 and the upper cladding layer 43 
Would be affected by quality of the respective doped crystal 
layers (epitaxial layer), due to the thermal history of epitaxial 
groWth of the respective crystal layers by the MOVPE method 
or the electri?cation to the light emitting diode 10.As a result, 
it Was found that the amount of the dopant moved to the light 
emitting layer 42 strongly depends on the concentrations of 
the hydrogen, the carbon and the oxygen in the respective 
crystal layers rather than the dopant concentration in each of 
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8 
the intermediate layer 5, the current-spreading layer 6, the 
loWer cladding layer 41 and the upper cladding layer 43. 

It is assumed that the hydrogen, the carbon and the oxygen 
are not intentionally doped, but taken into each crystal layer 
from a source gas or an atmosphere gas in the epitaxial groWth 
by the MOVPE method. Therefore, after analysis in depth of 
the epitaxial groWth conditions using the MOVPE method, 
they found a groWth condition for controlling the concentra 
tions of the hydrogen, carbon and oxygen that are taken into 
the respective crystal layers. 

In each of the loWer cladding layer 41, the light emitting 
layer 42, and the upper cladding layer 43, a concentration of 
hydrogen is not more than 2><10l7 cm_3, a concentration of 
carbon (C) is not more than 2><10l 6 cm_3, and a concentration 
of oxygen (0) is not more than 2><10l6 cmx3 . In the current 
spreading layer 6, the concentration of the hydrogen is not 
more than 5><10l7 cm'3 , the concentration of the carbon is not 
more than 5><10l7 cm_3, and the concentration of the oxygen 
is not more than 2><10l6 cm_3. In the intermediate layer 5, the 
concentration of the hydrogen is not more than 1><10l8 cm'3 , 
the concentration of the carbon is not more than 1><10l 8 cm-3 , 
and the concentration of the oxygen is not more than 5><10l6 
cm-3 . According to this structure, it is possible to suppress the 
amount of the dopant moved from each crystal layer to the 
light emitting layer 42 to be extremely loW, thereby realiZing 
an AlGaInP based light emitting diode, in Which an initial 
light emitting luminance is high and the fall of the light 
emitting luminance due to the electri?cation is extremely 
small. 

In order to reduce a forWard voltage of the light emitting 
diode 10 in the electri?cation, it is necessary to reduce a 
voltage loss in the intermediate layer 5. It is assumed that this 
voltage loss is caused by band-edge discontinuity at an inter 
face betWeen the current-spreading layer 6 and the interme 
diate layer 5, and an interface betWeen the intermediate layer 
5 and the upper cladding layer 43. As means for avoiding this 
problem, a technique of increasing a tunnel current in each 
band-edge discontinuity by increasing a concentration of the 
dopant used for controlling a conductivity type of the inter 
mediate layer 5, for example, to be not less than 3><10l8 cm-3 
Was effective. The tunnel current tends to increase in accor 
dance With the increase in the doping amount. HoWever, When 
the doping amount of the intermediate layer 5 is increased, for 
example, to be 1><10l9 cm_3, a surface quality of the crystal 
layer is deteriorated and a yield of the light emitting diode 10 
is loWered. 
Then the Inventors of the present invention studied to fur 

ther reduce the voltage loss in the intermediate layer 5 by 
doping other impurity to the intermediate layer 5 as Well as 
the dopant for controlling the conductivity type. As a result, as 
described above, it Was possible to largely reduce the voltage 
loss in the intermediate layer 5 by doping a dopant of a second 
conductivity type to have a concentration of not less than 
5><10l7 cm-3 . 

The current-spreading layer 6 comprises a Mg-doped 
p-type GaP layer. 

(Method for Fabricating a Light Emitting Diode) 
At ?rst, AlGaInP based crystal layers such as AlGaInP 

layer, GaInP, AlInP, GaP and the like are epitaxially groWn on 
the GaAs substrate 1 by MOVPE method. For this case, III 
group element source comprising an organic metal material 
such as trimethyl gallium (TMG), trimethylaluminum 
(TMA), trimethyl indium (TMI) and the like is used as a 
groWth material. In addition, as a V group element source, 
phosphine (PH3) Which is a metal hydride gas may be used. 

In the AlGaInP based light emitting diode 10, an AlGaAs 
based crystal layer such as GaAs, AlGaAs and the like may be 
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also used as the Bragg re?ection layer 3 and the current 
spreading layer 6. For this case, the III group element source 
is the same as the AlGaInP based crystal layer, and arsine 
(AsH3) Which is a metal hydride gas may be mainly used as 
the V group element source. 

Vapor of the aforementioned organic metal material and 
the metal hydride gas are sent to a reaction chamber of a 
MOVPE apparatus by using a hydrogen gas as a carrier gas. 
The reaction chamber is equipped With a susceptor and a 
heating mechanism, and the GaAs substrate 1 is installed on 
a predetermined position of the susceptor then heated. In the 
groWth of the crystal layers of the AlGaInP based light emit 
ting diode, a temperature of the GaAs substrate 1 is generally 
from 600° C. to 750° C. The Source gas sent to the reaction 
chamber is decomposed by heat, and a reaction product of the 
source gas is epitaxially groWn on the GaAs substrate 1 as the 
AlGaInP based compound or the AlGaAs based compound. 
As a dopant element for controlling the crystal layer to 

have a p-type conductivity, Mg and Zn are mainly used, and 
bis(cyclopentadienyl)magnesium (Cp2Mg), dimethylZinc 
(DMZn), diethylZinc (DEZn) and the like are mainly used as 
a source thereof. In addition, as a dopant element for control 
ling the crystal layer to have an n-type conductivity, Te, Se, 
and Si are mainly used, and dimethyl tellurium (DMTe), 
diethyl tellurium (DETe), hydrogen selenide (H2Se), disilane 
(Si2H6), monosilane (SiH4) and the like are mainly used as a 
source thereof. The dopant source is supplied approximately 
simultaneously With III group element source and theV group 
element source to the reaction chamber. 

The light emitting diode 10 comprises a plurality of crystal 
layers as shoWn in FIG. 1, and the respective crystal layers are 
epitaxially groWn sequentially in order starting from the 
buffer layer 2 provided at a side of GaAs substrate 1. In the 
groWth of the respective crystal layers, necessary III group 
element source, V group element source and dopant source 
are selected, and supplied at a predetermined ?oW rate to the 
reaction chamber. 

(Concentrations of Hydrogen, Carbon, Oxygen and 
Dopant) 

It is assumed that the hydrogen and the carbon existing in 
the current-spreading layer, the intermediate layer, the upper 
cladding layer, the loWer cladding layer and the like epitaxi 
ally groWn by the MOVPE method are taken from the III 
group element source and the V group element source that are 
not yet decomposed to each crystal layer. In addition, con 
cerning the oxygen, it is assumed that moisture content and 
the oxygen remaining on inner Walls of the reaction chamber 
and a susceptor surface are taken into the crystal layer. 

It is assumed that the hydrogen, carbon and oxygen exist 
ing in the current-spreading layer, the intermediate layer, the 
upper cladding layer, the loWer cladding layer and the like 
generate a certain kind of crystal defect in each crystal layer, 
so that the dopant moves through the crystal defect When a 
thermal energy is applied to each crystal layer, or the electron 
or hole is injected into each crystal layer. It is necessary to 
provide appropriate concentrations (loWer than predeter 
mined concentrations) of the hydrogen, carbon and oxygen 
respectively in each crystal layer, in order to prevent the 
penetration of the dopant. 

In the epitaxial groWth, the concentrations of the hydrogen, 
carbon and oxygen taken into each crystal layer depend upon 
the groWth condition of the crystal layer. For example, the 
hydrogen concentration mainly and strongly depends upon a 
temperature of GaAs substrate 1, and the hydrogen concen 
tration tends to decrease in accordance With elevation of the 
temperature. In addition, after the groWth of the crystal layer, 
the hydrogen concentration tends to decrease in accordance 
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With en elapse of the time for keeping a temperature of GaAs 
substrate 1 not less than 3000 C. On the other hand, the carbon 
concentration and the oxygen concentration are affected by 
the temperature, hoWever, they rather depends upon a ratio of 
a mol concentration of the V group element source to a mol 
concentration of the III group element source to be supplied to 
the reaction chamber (hereinafter referred as “V/III ratio”) 
strongly. In concrete, the concentrations of the carbon and 
oxygen tend to decrease in accordance With the increase in the 
V/III ratio. 

In the loWer cladding layer 41, the light emitting layer 42, 
and the upper cladding layer 43, it is controlled that the 
hydrogen concentration is not more than 2><10l7 cm_3, the 
carbon concentration is not more than 2><10l6 cm_3, and the 
oxygen concentration is not more than 2><10l6 cm_3. In the 
current-spreading layer 6, it is controlled that the hydrogen 
concentration is not more than 5><10l7 cm“3 , the carbon con 
centration is not more than 5><10l7 cm_3, and the oxygen 
concentration is not more than 2><10l6 cm-3 . In the interme 
diate layer 5, it is controlled that the hydrogen concentration 
is not more than 1><10l 8 cm_3, the carbon concentration is not 
more than 1><10l8 cm“3 , and the oxygen concentration is not 
more than 5><10l6 cm_3. According to this structure, it is 
possible to suppress the amount of the dopant moved from 
each crystal layer to the light emitting layer 42 to be 
extremely loW. Herein, the concentration of the dopant moved 
to the light emitting layer 42 is measured after the epitaxial 
groWth and after conducting the electri?cation test to the light 
emitting diode thus fabricated. 
When both the concentration of the dopant moved to the 

light emitting layer measured after the epitaxial groWth and 
the concentration of the dopant moved to the light emitting 
layer measured after the electri?cation test are not more than 
1><10l6 cm“3 , the initial light emitting luminance is high and 
the light emitting luminance after the electri?cation test does 
not fall. When the concentration of the dopant moved to the 
light emitting layer 42 measured after the epitaxial groWth is 
not less than 2><10l 6 cm“3 , the initial light emitting luminance 
is signi?cantly decreased. On the other hand, When a signi? 
cant fall of the light emitting luminance after the electri?ca 
tion test is observed While the concentration of the dopant 
moved to the light emitting layer measured after the epitaxial 
groWth is not more than 2><10l6 cm“3 and the initial light 
emitting luminance is high, the concentration of the dopant 
moved to the light emitting layer measured after the electri 
?cation test is not less than 2><10l6 cm_3. Herein, the light 
emitting luminance is remarkably decreased in accordance 
With the increase in the concentration of the dopant moved to 
the light emitting layer 42 after the reliability test. 
The penetration of the dopant due to the thermal history in 

the epitaxial groWth and the electri?cation is remarkable for 
the p-type dopant such as Zn, Mg or the like compared With 
the n-type dopant such as Si, Se, Te or the like. For example, 
in the case Where the upper cladding layer 43, the intermedi 
ate layer 5, and the current-spreading layer 6 are p-type crys 
tal layers, the penetration of the p-type dopant to the light 
emitting layer 42 can be substantially suppressed by provid 
ing the concentrations of the hydrogen, carbon and oxygen in 
each of the upper cladding layer 43, the intermediate layer 5, 
and the current-spreading layer 6 to be Within the aforemen 
tioned concentration ranges (each of Which is loWer than the 
predetermined value). When the impurity element concentra 
tion of either one of the hydrogen, carbon and oxygen exceeds 
the aforementioned concentration, the concentration of the 
dopant moved to the light emitting layer measured after the 
epitaxial groWth or after the electri?cation test is not less than 
2><10l6 cm“3 . 
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In the intermediate layer 5, the concentration of p-type 
dopant is higher than that in the other crystal layers. However, 
even if the concentrations of the hydrogen, carbon and oxy 
gen are increased compared With those in the other crystal 
layers, the effect on the amount of the p-type dopant moved to 
the light emitting layer 42 Will be small. The reason of this 
effect is assumed that a thickness of the intermediate layer 5 
is smaller than that of the other crystal layers, namely, not 
more than 1/10 thereof. 

As for the n-type dopant, similarly to the p-type dopant, the 
light emitting luminance falls When the concentration of the 
dopant moved to the light emitting layer 42 is not less than 
2><10l6 cm“3 . HoWever, by controlling the concentrations of 
the hydrogen, carbon and oxygen in the loWer cladding layer 
41 Within the predetermined concentration ranges as 
described above, it is possible to suppress the concentration 
of the dopant moved to the light emitting layer 42 measured 
after the epitaxial groWth or after the electri?cation test to be 
loWer than 2><10l6 cm_3. 
When the upper cladding layer 43, the intermediate layer 5, 

the current-spreading layer 6 are n-type crystal layers, and the 
loWer cladding layer 41 is a p-type crystal layer, it is prefer 
able to control the concentrations of the hydrogen, carbon and 
oxygen in these layers and the light emitting layer Within the 
predetermined concentration ranges as described above, so as 
to prevent the light emitting luminance from falling in the 
long term electri?cation of the light emitting diode 10. 

(Voltage Loss in the Intermediate Layer) 
Next, a decrease of the voltage loss in the intermediate 

layer during the electri?cation to the light emitting diode Will 
be explained beloW. 

FIG. 2 is an explanatory diagram shoWing a band con?gu 
ration in vicinity of a junction of the cladding layer and the 
current-spreading layer, and FIG. 3 is an explanatory diagram 
shoWing a band con?guration in vicinity of a junction of the 
cladding layer, the current-spreading layer and the interme 
diate layer. 

Fundamentally speaking, the main object for providing the 
intermediate layer 5 is to reduce a barrier against the electron 
or hole in the band-edge discontinuity occurred at an interface 
betWeen the upper cladding layer 43 and the current-spread 
ing layer 6. FIG. 2 schematically shoWs an example of a band 
con?guration in vicinity of the junction of a p-type (Al,C 
Ga 1_x)yIn1_yP (xz0.7, yz0.51) upper cladding layer 43 and a 
p-type GaP current-spreading layer 6. Since an electron af?n 
ity of AlGaInP is different from that of GaP, the band-edge 
discontinuities occur in both a conduction band-edge (Ec) 
and a valence band-edge (Ev) at the junction interface. It is 
assumed that a carrier of an electric current ?oWing through 
the p-type AlGaInP upper cladding layer 43 and the p-type 
GaP current- spreading layer 6 during the electri?cation to the 
light emitting diode 10 is mainly the hole. Therefore, it is 
contemplated that the discontinuity of the valence band-edge 
(Ev) functions as the barrier against the hole so that a large 
voltage loss occurs. 

In addition, When the light emitting diode 100 shoWn in 
FIG. 6 is operated to emit the light at a current density of about 
22.2 A/cm2, not less than 2.5V Was measured that is a high 
value as the forWard voltage. In addition, since a composition 
of the AlGaInP upper cladding layer 1023 is controlled to 
substantially lattice-match With GaAs, there is about 4% of 
lattice mismatch betWeen the GaP current-spreading layer 
103 and the AlGaInP upper cladding layer 1023. Therefore, 
there is a disadvantage in that a yield of the electrode forming 
process is deteriorated, since a large irregularity (unevenness) 
occurs at a surface of the GaP current-spreading layer 103. 
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FIG. 3 schematically shoWs an example of a band con?gu 

ration in vicinity of the junction of the upper cladding layer 
43, the intermediate layer 5, and the current-spreading layer 
6, in that the intermediate layer 5 is formed betWeen the upper 
cladding layer 43 and the current-spreading layer 6. FIG. 3 
shoWs an example using, as the intermediate layer 5, a p-type 
(AlxGa1_x)yIn1_yP (xzO, yz0.7) layer doped With a p-type 
dopant to have a high carrier concentration of not less than 
3><10l8 cm-3 , namely a p-type GaInP layer With a high carrier 
concentration in Which a GaP mixed crystal ratio is about 0.7. 
The GaInP layer is shoWn in a degenerated state since the 
GaInP layer is doped With the p-type dopant at a high con 
centration. By forming the GaInP intermediate layer 5, the 
discontinuity of the valence band-edge (Ev) is relaxed, so that 
the barrier against the hole is loWered. In addition, When the 
aforementioned GaInP intermediate layer Was further pro 
vided in the conventional light emitting diode shoWn in FIG. 
6, the forWard voltage Was about 2.2V at a current density of 
about 22 .2 A/cm2. Further, a remarkable irregularity (uneven 
ness) Was not observed at the surface of the GaP current 
spreading layer 103, and a surface quality Was good. 
As described above, the ?rst factor for reducing the for 

Ward voltage of the light emitting diode 10 by providing the 
intermediate layer 5 is assumed as folloWs. The provision of 
the intermediate layer 5 loWers the barrier against the hole 
generated by the discontinuity of the valence band-edge (Ev). 
In addition, tWo additional factors are proposed. 
The ?rst one of the tWo additional factors is an effect 

obtained by increasing the dopant concentration of the inter 
mediate layer 5. Since the concentration of the p-type dopant 
in the intermediate layer 5 is increased, the barrier against the 
hole at the interface between the intermediate layer 5 and the 
current-spreading layer 6 is extremely loWered. In addition, 
While there exists a relatively high barrier at the interface 
betWeen the upper cladding layer 43 and the intermediate 
layer 5, a hole concentration of the intermediate layer 5 is 
extremely high, so that the tunnel current ?oWing through the 
barrier is increased. The effect of reducing the forWard volt 
age obtained by the increase in the tunnel current is remark 
able When the p-type dopant concentration of the intermedi 
ate layer 5 is elevated to 3><10l8 cm“3 . As a result, the forWard 
voltage is reduced to about 2.2V as described above. HoW 
ever, When the p-type dopant concentration of the intermedi 
ate layer 5 is further increased, it is observed that the forWard 
voltage tends to slightly decrease. Further, When the p-type 
dopant concentration of the intermediate layer 5 is increased 
to 1><10l9 cm_3, the surface quality of the current-spreading 
layer 6 is deteriorated and the yield of the light emitting diode 
10 is decreased. 
The second one of the tWo additional factors is an in?uence 

of an interface state. The intermediate layer 5 provides the 
effect of relaxing the lattice mismatch betWeen the upper 
cladding layer 43 and the current-spreading layer 6, and a 
great improvement in the surface quality of the current 
spreading layer 6 by forming the intermediate layer 5 is 
observed as described above. This improvement effect is 
obtained When the GaP mixed crystal ratio of the GaInP 
intermediate layer 5 is Within a range of 0.6 to 0.9, in other 
Words, When the lattice constant of GaInP is a value betWeen 
a lattice constant of AlGaInP upper cladding layer 43 and a 
lattice constant of the GaP current-spreading layer 6. The 
GaInP intermediate layer 5 having the GaP mixed crystal 
ratio Within the range of 0.6 to 0.9 is lattice-mismatching With 
the upper cladding layer 43 and the current- spreading layer 6, 
respectively. Therefore, it is assumed that the crystal defects 
due to the lattice mismatch are generated With a high density 
at the interface. In addition, it is assumed that the crystal 
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defect at the interface is increased by providing the interme 
diate layer 5 With the high dopant concentration. It is contem 
plated that the crystal defect at the interface forms the inter 
face state in the band gap. It is also conceivable that an 
increase in a current generated by the hole penetration 
through the interface state (hereinafter referred as “interface 
leak current”) contributes to the decrease in the forWard volt 
age. 

Aiming at a further reduction of the forWard voltage, the 
p-type GaInP intermediate layer 5 is intentionally doped With 
the n-type dopant, and the decrease in the forWard voltage is 
observed. Under the condition that the p-type dopant concen 
tration is not less than 3><10l8 cm“3 and the GaP mixed crystal 
ratio of the intermediate layer 5 is Within the range of 0.6 to 
0.9, the effect of reducing the forWard voltage appears When 
the concentration of the n-type dopant exceeds 1><10l7 cm“3 . 
The effect of reducing the forWard voltage is remarkable 
When the concentration of the n-type dopant is not less than 
5><10l7 cm“3 . For example, in the case of applying the GaInP 
intermediate layer 5 having the p-type dopant concentration 
of 3><10l8 cm_3, the n-type dopant concentration of 5><10l7 
cm_3, and the GaP mixed crystal ratio of about 0.7, the for 
Ward voltage of the light emitting diode is not more than 2.0V 
at a current density of about 22.2 A/cm2. It is assumed that this 
effect is obtained since the interface state density is signi? 
cantly increased by doping the n-type dopant in addition to 
the p-type dopant, so that the interface leak current is 
increased. When the n-type dopant concentration in the inter 
mediate layer 5 is further increased, it is observed that the 
forWard voltage tends to slightly decrease. HoWever, When 
the n-type dopant concentration is not less than 50% of the 
p-type dopant concentration, the forWard voltage tends to 
increase in reverse. It is assumed that compensation for 
acceptors by donors progresses so that the tunnel current at 
the interface is reduced. 

In the GaInP intermediate layer 5, When the GaP mixed 
crystal ratio is Within the range of 0.6 to 0.9 and the p-type 
dopant concentration is Within the range of 3><10l8 cm-3 to 
9><10l8 cm“3 , even if the GaInP intermediate layer 5 is doped 
With the n-type dopant at a concentration of about 50% of the 
p-type dopant concentration, the surface quality of the GaP 
current-spreading layer 6 formed on the GaInP intermediate 
layer 5 is good. In addition, When the concentrations of the 
hydrogen, carbon and oxygen in the loWer cladding layer 41, 
the light emitting layer 42, the upper cladding layer 43, the 
intermediate layer 5 and the current-spreading layer 6 are 
Within the predetermined concentration ranges as described 
above, the concentrations of the dopant moved to the light 
emitting layer 42 after the epitaxial groWth and after the 
electri?cation test are loWer than 2><10l6 cm_3. 

(Effect of the First Preferred Embodiment) 
According to the ?rst preferred embodiment, by respec 

tively de?ning the concentrations of the hydrogen, carbon 
and oxygen in the loWer cladding layer 41, the light emitting 
layer 42, the upper cladding layer 43, the intermediate layer 5 
and the current-spreading layer 6, it is possible to provide a 
light emitting diode With high reliability in Which the fall of 
the light output due to the reliability test is signi?cantly small. 
On the other hand, in the conventional and ordinary AlGaInP 
based light emitting diode, the light output is reduced by 
around 30% With respect to the initial value, so that high 
reliability cannot be obtained. 

In the ?rst preferred embodiment, Mg is used as the p-type 
dopant, hoWever the present invention is not limited thereto, 
and Zn may be also used as the p-type dopant. In addition, Te 
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is used as the n-type dopant, hoWever the present invention is 
not limited thereto, and Se or Si may be also used as the n-type 
dopant. 

In addition, it is possible to provide the intermediate layer 
5 containing one or more elements selected from a group 
consisting of Si, Se, and Te, in Which a total impurity concen 
tration is 5><10l7 cm-3 and loWer than the Mg concentration. 

Further, in the ?rst preferred embodiment, the conductivity 
type of the GaAs substrate 1, the buffer layer 2, the Bragg 
re?ection layer 3 and the loWer cladding layer 41 are n-type, 
and the conductivity type of the upper cladding layer 43, the 
intermediate layer 5 and the current-spreading layer 6 is 
p-type, hoWever the present invention is not limited thereto, 
and the conductivity type of these crystal layers are inter 
changeable With each other. In that case, similarly to the light 
emitting part 4, it is preferable that the concentration of the 
hydrogen is not more than 2><10l7 cm“3 , the concentration of 
the carbon is not more than 2><10l6 cm“3 , and the concentra 
tion of the oxygen is not more than 2><10l6 cm-3 in the p-type 
AlGaInP layer composing the Bragg re?ection layer 3. 

EXAMPLE 1 

Next, examples of the present invention Will be explained 
beloW. 

In Example 1, the respective layers of the light emitting 
diode 10 of FIG. 1 are constituted as folloWs. 

In a Bragg re?ection layer 3, a single layer of n-type 
(AlxGa1_x)yIn1_yP (xzl, yz0.51, and a dopant is Te in this 
example) and a single layer of n-type AlxGal_xAs (xz0.5, a 
dopant is Te in this example) are laminated to provide a pair 
of tWo crystal layers. 20 pairs thereof are formed to compose 
the Bragg re?ection layer 3. 
A light emitting part 4 comprises an n-type loWer cladding 

layer 41, an n-type light emitting layer 42, and a p-type upper 
cladding layer 43. 
The loWer cladding layer 41 comprises an n-type (Al,C 

Ga1_x)yIn1_yP (xz0.7, yz0.51, and a dopant is Te in this 
example) With a dopant concentration of about 4><10l7 cm-3 
and a thickness of about 0.5 pm. 
The light emitting layer 42 has a multiquantum Well struc 

ture comprising (AlxGa1_x)yIn1_yP. In this example, (Al,C 
Ga1_x)yIn1_yP (xz0.5, yz0.51 in this example) and (Al,C 
Ga1_x)yIn1_yP (xz0, yz0.51 in this example) are used as the 
light emitting layer 42, and a peak Wave length of a light 
emitting energy spectrum of the light emitting diode 10 is 
about 635 nm. This light emitting layer 42 is groWn Without 
doping (i.e. undoped). 
The upper cladding layer 43 comprises a p-type (Al,C 

Ga1_x)yIn1_yP (xz0.7, yz0.51, and a dopant is Mg) With a 
dopant concentration of about 1><10l7 cm-3 and a thickness of 
about 1 um. 
The intermediate layer 5 comprises a p-type (AlxGal_x)y 

In1_yP (xz0, yz0.7, and dopants are Mg and Te) With a Mg 
(p-type dopant) concentration of about 5><10l8 cm_3, a Te 
concentration of about 5><10l7 cm-3 , and a thickness of about 
20 nm. 

In Example 1, the current-spreading layer 6 comprises a 
Mg-doped p-type GaP With a thickness of about 12 pm. The 
p-type dopant concentration is about 4.5><10l8 cm_3. 

In Example 1, a cathode electrode 7 comprises AuGe alloy, 
Ni, andAu that are deposited by a vacuum deposition in order 
of AuGe alloyQNiQAu. 
An anode electrode 8 comprises AuZn alloy, Ni, and Au 

that are laminated in order of AuZn alloyQNiQAu, and 
shaped by a lift-off method using a photoresist pattern to 
provide an electrode With predetermined shape and siZe. 
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After forming the cathode electrode 7 and the anode elec 
trode 8, the heat treatment is conducted such that a contact 
between each electrode and each crystal layer shoWs ohm 
characteristics. An epitaxial Wafer on Which the electrodes are 
formed is diced to provide a light emitting diode chip having 
a surface siZe of about 300 um><300 um, and a light emitting 
diode chip having a surface siZe of about 1 mm><1 mm, 
respectively. After mounting each of the light emitting diodes 
on a metal stem, the measurement of a light output and a 
forWard voltage and the reliability test Were carried out. 

In Example 1 according to the aforementioned structure, 
for each crystal layer (epitaxial layer) constituting the light 
emitting diode 10, the conditions such as epitaxial groWth 
temperature, V/III ratio and the like are examined, and the 
condition to control the concentrations of the hydrogen, car 
bon and oxygen in each crystal layer Was established. The 
concentrations of the hydrogen, carbon and oxygen of the 
loWer cladding layer 41, the light emitting layer 42, the upper 
cladding layer 43, the intermediate layer 5 and the current 
spreading layer 6 Were measured concerning the epitaxial 
Wafer for a light emitting diode groWn under the control 
conditions established above. The measuring results are 
shoWn in TABLE 1. Herein, it Was con?rmed that the con 
centrations of the hydrogen, carbon and oxygen are approxi 
mately the same in the loWer cladding layer 41, the light 
emitting layer 42, and the upper cladding layer 43, When the 
groWth temperature, the V/ III ratio and the like are in the same 
conditions. Therefore, these crystal layers in total are 
expressed as a light emitting part. 

TABLE 1 

Concentration 
o f 

Concentration 
Concentration of of 

Crystal layer hydrogen (cm’3) carbon (cm’3) oxygen (cm’3) 

Light emitting part 1.2 x1017 1.1><10l6 1x10l6 or less 
Current-spreading 1.3 x 1017 7.8 x 1016 1 x 1016 or less 
layer 
Intermediate layer 4.1 x 1017 3.3 x 1017 1.2 x 1016 

The measured values shoWn in TABLE 1 are calibrated 
values based on normal samples, and the hydrogen, carbon 
and oxygen concentrations Were measured by a SIMS (Sec 
ondary Ion Mass Spectrometry). Detection limit concentra 
tions of respective elements Were 1><10l7 cm'3 for the hydro 
gen, 1><10l6 cm-3 for the carbon and 1><10l6 cm-3 for the 
oxygen, respectively. 

The measurement of the light output and the forWard volt 
age Were carried out under the conditions of a current density 
of about 22.2 A/cm2 and an ambient temperature of 25° C. In 
the light emitting diode of Example 1, a light output of about 
2.5 mW and a forWard voltage of about 1.90V that are con 
sidered as good values Were provided. 
The reliability test Was conducted under the condition of a 

current density of about 44.4 A/cm2 and electri?cation for 
2000 hours in an environment of an ambient temperature of 
85° C. and a humidity of 85%. In the light emitting diode 10 
of Example 1, the alteration in the light output and the forWard 
voltage Was not observed after the reliability test. 

The dopant concentration of the light emitting layer 42 in 
the epitaxial Wafer for a light emitting diode and in the light 
emitting diode after the reliability test Was measured by the 
SIMS method. The dopant concentration of the light emitting 
layer 42 Was not more than 1><10l6 cm'3 for both cases. The 
detection limit concentrations of the dopants by SIMS 
method are 8><10l5 cm-3 for Mg and 1><10l5 cm-3 for Te, 
respectively. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
In Example 1, it is possible to provide the light emitting 

diode 10 With a high light output in Which the fall of the light 
emitting is little even after the reliability test, by controlling 
the concentrations of the hydrogen, carbon and oxygen in the 
light emitting part 4 (the loWer cladding layer 41, the light 
emitting layer 42, and the upper cladding layer 43), the inter 
mediate layer 5 and the current-spreading layer 6 to have the 
values shoWn in TABLE 1. 

Experimental samples of light emitting diodes shoWn in 
TABLES 2 to 4 Were manufactured to examine the in?uences 
of the concentrations of the hydrogen, carbon and oxygen in 
the crystal layer on characteristics of the light emitting diode. 
The con?guration of the experimental sample is based on the 
con?guration shoWn in FIG. 1. In the experimental samples, 
the concentrations of the hydrogen, carbon and oxygen in the 
light emitting part 4, the intermediate layer 5, and the current 
spreading layer 6 Were varied. 

TABLE 2 

Concentration of Concentration of Concentration of 
Sample No. hydrogen (cm’3) carbon (cm’3) oxygen (cm’3) 

#11 2.2><10l7 1.2><10l6 1>< 1016011688 
#12 1.1><10l7 2.2 ><10l6 1.1><10l6 
#13 1.2 ><10l7 1.1><10l6 2.3 ><10l6 

TABLE 3 

Concentration of Concentration of Concentration of 
Sample No. hydrogen (cm’3) carbon (cm’3) oxygen (cm’3) 

#21 3.1x 1017 7.2 X1016 1 X 101601 less 
#22 6.0><10l7 7.6><10l6 1>< 1016 or less 
#23 1.2 ><10l7 2.5 ><10l7 1.1><10l6 
#24 1.2 ><10l7 7.1 X 1017 1.2 ><10l6 
#25 1.1><10l7 7.4><10l6 1.8 ><10l6 
#26 1.2><10l7 7.3><10l6 3.2><10l6 

TABLE 4 

Concentration of Concentration of Concentration of 

In the samples shoWn in TABLE 2, the concentrations of 
the hydrogen, carbon and oxygen of the light emitting part 4 
are varied. 

In the sample #1 1, the hydrogen concentration is increased 
by 2 times of that in Example 1. The concentrations of the 
carbon and the oxygen are approximately the same as those in 
Example 1. In addition, the epitaxial groWth condition of the 
crystal layers except the light emitting part 4 is the same as 
that in Example 1. 

Similarly, in the sample #12, the carbon concentration is 
increased by 2 times of that in Example 1. 

In Sample #13, the oxygen concentration is increased to 
2.3><10l6 cm_3. 
The hydrogen concentration of the crystal layer is varied 

mainly by controlling the groWth temperature. The carbon 
concentration is varied mainly by controlling the V/ III ratio. 
The V/III ratio also in?uences the oxygen concentration. 
HoWever, the effect on the oxygen concentration Was smaller 
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than the effect on the carbon concentration. The oxygen con 
centration Was varied by intentionally doping the oxygen in 
the epitaxial groWth. The effect of intentionally doping the 
oxygen on the concentrations of the hydrogen and carbon Was 
not observed. 

In the method similar to those used for the samples shoWn 
in TABLE 2, the concentrations of the hydrogen, carbon and 
oxygen of the intermediate layer 5 and the current- spreading 
layer 6 Were varied. 
TABLE 3 shoWs samples in Which the concentrations of 

the hydrogen, carbon and oxygen in the current-spreading 
layer 6 are respectively varied, and TABLE 4 shoWs samples 
in Which the concentrations of the hydrogen, carbon and 
oxygen in the intermediate layer 5 are respectively varied. 

For the experimental samples of the light emitting diode 10 
shoWn in TABLES 2 to 4, the light output Was measured and 
the reliability test Was carried out. TABLE 5 shoWs initial 
values of the light output and relative values of the light output 
after conducting the reliability test. The relative value in 
TABLE 5 is a value in the case Where the initial value of the 
light output is 1. 

TABLE 5 

Light output 

Relative value after 
Sample No. Initial value (rnW) the reliability test 

Example 1 (for reference) 2.54 1.00 
#11 2.49 0.80 
#12 2.41 0.79 
#13 2.01 0.79 
#21 2.52 0.89 
#22 2.49 0.79 
#23 2.51 0.86 
#24 2.44 0.76 
#25 2.52 0.88 
#26 2.48 0.78 
#31 2.52 0.91 
#32 2.40 0.78 
#33 2.51 0.90 
#34 2.36 0.77 
#35 2.51 0.92 
#36 2.39 0.79 

At ?rst, the samples #11 to 13 in Which the concentrations 
of the hydrogen, carbon, and oxygen (0) of the light emitting 
part 4 are varied Will be explained. 

In the sample #11 in Which the hydrogen concentration of 
the light emitting part 4 is increased to 2.2><10l7 cm-3 and the 
sample #12 in Which the carbon concentration of the light 
emitting part 4 is increased to 2.2><10l6 cm_3, the initial val 
ues of the light output Were comparatively good. HoWever, a 
large fall Was observed in the light output after the reliability 
test, and the light output after the reliability test Was reduced 
by 20% or more as compared With the initial value. 

In the sample #13 in Which the oxygen concentration of the 
light emitting part 4 is increased to 2.3><10l6 cm'3 , the initial 
value Was reduced by 20% or more compared With the light 
emitting diode 10 in Example 1. The light output after the 
reliability test Was reduced by 20% or more as compared With 
the initial value. 

The Mg dopant concentrations of the light emitting layer 
42 in the experimental samples #11 to 13 Were measured by 
the SIMS method. The dopant concentrations before and after 
the reliability test Were 1.2><10l6 cm-3 and 2.1><10l6 cm-3 in 
the sample #11, 1.4><10l6 cm'3 and 2.2><10l6 cm'3 in the 
sample #12, 2.0><10l6 cm'3 and 3.2><10l6 cm'3 in the 
sample #13, respectively. Since the measurement result of the 
Mg dopant concentration of the light emitting diode 10 in 
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Example 1 is not more than 1><10l6 cm_3, it is assumed that 
the dopant measured in the light emitting layer 42 of the 
experimental samples #1 1 to #13 have moved from the crystal 
layers other than the light emitting layer 42 during the epi 
taxial groWth or the reliability test. In addition, it is conceiv 
able that the penetration of the dopant is strongly affected by 
the concentrations of the hydrogen, carbon and oxygen in the 
light emitting part 4, and that the dopant moved to the light 
emitting layer 42 causes the fall of the light output. 
From the results of the experimental samples #11 to #13, it 

is preferable that the hydrogen concentration is not more than 
2><10l7 cm_3, the carbon concentration is not more than 
2><10l6 cm'3 , and the oxygen concentration is not more than 
2><10l6 cm_3, respectively in the light emitting part 4 (the 
loWer cladding layer 41, the light emitting layer 42, and the 
upper cladding layer 43) to suppress a large fall (fall of 20% 
or more) of the initial value of the light output and the light 
output after the reliability test. 

Next, the samples #21 to #26 in Which the concentrations 
of the hydrogen, carbon, and oxygen of the current-spreading 
layer 6 are varied Will be explained. The initial values Were 
good for all samples. 

HoWever, in the sample #22 in Which the hydrogen con 
centration of the current-spreading layer 6 is increased to 
6.0><10l7 cm_3, the sample #24 in Which the carbon concen 
tration of the current-spreading layer 6 is increased to 7.1x 
1017 cm'3 , and the sample #26 in Which the oxygen concen 
tration of the current-spreading layer 6 is increased to 3.2x 
10l6 cm_3, a large fall Was observed in the light output after 
the reliability test, and the light output after the reliability test 
Was reduced by 20% or more as compared With the initial 
value. The dopant concentrations of the light emitting layer of 
these samples after the reliability test Were Within a range of 
2.2><10l6 cm'3 to 2.4><10l6 cm_3, namely not less than 2.0x 
1016 cm-3 that is considered as a high value in all of these 
samples. 
On the other hand, in the sample #2 1 in Which the hydrogen 

concentration of the current-spreading layer 6 is 3.1><10l7 
cm'3 , the sample #23 in Which the carbon concentration of the 
current-spreading layer 6 is 2.5><10l7 cm_3, and the 
sample #25 in Which the oxygen concentration of the current 
spreading layer 6 is 1.8><10l 6 cm-3 , the fall of the light output 
after the reliability test Was 11% to 14% that is relatively 
small. The dopant concentrations of the light emitting layer of 
these samples after the reliability test Were Within a range of 
1.7><10l6 cm'3 to 1><10l6 cm_3, namely not more than 2.0x 
1016 cm-3 in all ofthese samples. 
From the results of the experimental samples #21 to #26, it 

is assumed that the in?uence of the dopant moved to the light 
emitting layer 42 is a cause of the fall of the light output and 
it is con?rmed that the penetration of the dopant is strongly 
affected by the concentrations of the hydrogen, carbon and 
oxygen in the current-spreading layer 6. It is preferable that 
the hydrogen concentration is not more than 5 X101 7 cm_3, the 
carbon concentration is not more than 5><10l7 cm_3, and the 
oxygen concentration is not more than 2><10l6 cm_3, respec 
tively in the current-spreading layer 6 to suppress a large fall 
(fall of 20% or more) of the light output after the reliability 
test. 

Next, the samples #31 to #36 in Which the concentrations 
of the hydrogen, carbon, and oxygen of the intermediate layer 
5 are varied Will be explained. The initial values Were good for 
all samples, similarly to the samples #21 to #26 in Which the 
concentrations of the hydrogen, carbon, and oxygen of the 
current-spreading layer 6 are varied. 

HoWever, in the sample #32 in Which the hydrogen con 
centration of the intermediate layer 5 is 1.1><10l8 cm_3, the 
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sample #34 in Which the carbon concentration of the inter 
mediate layer 5 is 1.2><10l8 cm_3, and the sample #36 in 
Which the oxygen concentration of the intermediate layer 5 is 
6.2><10l6 cm_3, a large fall Was observed in the light output 
after the reliability test, and the light output after the reliabil 
ity test Was reduced by 20% or more as compared With the 
initial value. The dopant concentrations of the light emitting 
layer 42 of these samples after the reliability test Were Within 
a range of2.1><10l6 cm-3 to 2.2><10l6 cm-3 that is considered 
as a high value in all of these samples. 
On the other hand, in the sample #3 1 in Which the hydrogen 

concentration of the intermediate layer 5 is 8.2><10l7 cm_3, 
the sample #33 in Which the carbon concentration of the 
intermediate layer 5 is 7.0><10l7 cm-3 , and the sample #35 in 
Which the oxygen concentration of the intermediate layer 5 is 
3.2><10l6 cm_3, the fall of the light output after the reliability 
test Was 8% to 10% that is relatively small. The dopant con 
centrations of the light emitting layer of these samples after 
the reliability test Were Within a range of 1.6><10l6 cm-3 to 
1.8><10l6 cm_3. 
From the results of the experimental samples #31 to #36, it 

is assumed that the in?uence of the dopant moved to the light 
emitting layer 42 is a cause of the fall of the light output and 
it is con?rmed that the penetration of the dopant is strongly 
affected by the concentrations of the hydrogen, carbon and 
oxygen in the intermediate layer 5. It is preferable that the 
hydrogen concentration is not more than 1><10l8 cm_3, the 
carbon concentration is not more than 1><10l8 cm_3, and the 
oxygen concentration is not more than 5><10l6 cm'3 , respec 
tively in the intermediate layer 5 to suppress a large fall of the 
light output after the reliability test. 

In the light emitting diode 10 of Example 1, a forward 
voltage of about 1.90V that is a good value Was obtained. It is 
assumed that this is an effect of intentionally doping the 
n-type dopant (Te in Example 1) to the intermediate layer 5. 
The forWard voltage of the light emitting diode in Which the 
intermediate layer 5 is doped With only the p-type dopant (Mg 
in Example 1) Was about 2.11V that is considered as a high 
value. In the case Where the p-type dopant concentration is 
Within a range of3><10l8 cm-3 to 9><10l8 cm-3 and the n-type 
dopant concentration is 5><10l7 cm“3 in the intermediate layer 
5, the forWard voltage of the light emitting diode 10 is about 
1 .90V. In addition, even if the n-type dopant is increased to be 
about 50% of the p-type dopant, no remarkable alteration Was 
observed in the forWard voltage. When the n-type dopant 
concentration is increased to be 50% or more of the p-type 
dopant concentration, or When the n-type dopant concentra 
tion is decreased to be 4><10l7 cm'3 or less, it is observed that 
the forWard voltage of the light emitting diode is remarkably 
increased for both cases. 

EXAMPLE 2 

Next, Example 2 Will be explained beloW. The same effect 
as that in Example 1 Was obtained by controlling the concen 
trations of the hydrogen, carbon and oxygen to have values 
shoWn in TABLE 1 only in a partial region of the current 
spreading layer 6 of Example 1 . It is preferable that this region 
has a predetermined thickness from an interface With the 
intermediate layer 5 that is greater than 20% of a thickness of 
the current-spreading layer 6. HoWever, When the thickness of 
the current-spreading layer 6 is reduced, the thickness of the 
partial region of the current-spreading layer 6 can be reduced 
approximately in proportion to the thickness of the current 
spreading layer 6. 

In order to suppress the carbon concentration and the oxy 
gen concentration in the crystal layer, it is necessary to con 
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20 
duct the epitaxial groWth With increasing a supply of the V 
group source and the V/ III ratio. For groWing a relatively thick 
layer such as the current-spreading layer 6, it is possible to 
reduce the manufacturing cost of the light emitting diode 10 
by decreasing a thickness of the region groWn With a high 
V/III ratio. 

In Example 2, it is possible to further reduce the thickness 
of the aforementioned region by decreasing the dopant con 
centration of this region or by varying the dopant concentra 
tion. 

Second Preferred Embodiment 

FIG. 4 is a schematic cross sectional vieW of a light emit 
ting diode in the second preferred embodiment according to 
the present invention. 
A light emitting diode 20 in the second preferred embodi 

ment is similar to the light emitting diode 10 in the ?rst 
preferred embodiment, except that a dopant (Mg) concentra 
tion varied region 9 is provided in the current-spreading layer 
6 in the ?rst preferred embodiment. 
The dopant concentration of the concentration varied 

region 9 is not more than 6><10l7 cm-3 in vicinity of an inter 
face With the intermediate layer 5 The dopant concentration is 
gradually increased up to 4.5><10l 8 cm-3 in a thickness direc 
tion. The concentrations of the hydrogen, carbon and oxygen 
in the concentration varied region 9 are controlled to have the 
values of the current-spreading layer shoWn in TABLE 1. 

Other region of the current-spreading layer 6 than the con 
centration varied region 9 is groWn under the condition that 
the hydrogen concentration is about 6.0><10l7 cm_3, the car 
bon concentration is about 2.5><10l7 cm_3, and the oxygen 
concentration is about 1.1><10l6 cm'3 . Even if a thickness of 
the concentration varied region 9 is reduced to 1.5 pm, the 
light output is approximately the same as that in the ?rst 
preferred embodiment before and after the reliability test. 
When the thickness of the concentration varied region 9 is 
smaller than 1 .5 pm, or the dopant concentration in vicinity of 
the interface With the intermediate layer 5 is higher than 
6.0><10l7 cm_3, the light output after the reliability test is 
decreased. 

In the case Where the dopant concentration of the concen 
tration varied region 9 is reduced approximately uniformly, 
the light output approximately the same as that in the ?rst 
preferred embodiment before and after the reliability test can 
be obtained if the dopant concentration is not more than 
1><10l7 cm_3, even though the thickness of the concentration 
varied region 9 is reduced to 1.5 pm. 

Third Preferred Embodiment 

FIG. 5 is a schematic cross sectional vieW of a light emit 
ting diode in the third preferred embodiment according to the 
present invention. 
A light emitting diode 30 comprises an epitaxial layer 

including a light emitting part 4, a conductive substrate 31, 
metal layers (a substrate side metal layer 32, an epitaxial layer 
side metal layer 33) for joining the epitaxial layer and the 
conductive substrate 31, a cathode electrode 7 formed on un 
upper surface of the epitaxial layer, and an anode electrode 8 
formed on a loWer surface of the conductive substrate 31. 
Namely, the epitaxial layer including the light emitting part 4 
is joined With the conductive substrate 3 1 via the metal layers. 
The light emitting diode 30 is energiZed by the cathode elec 
trode 7 and the anode electrode 8. 
The epitaxial layer comprises a GaP layer 36, an interme 

diate layer 5, the light emitting part 4 and an electrode contact 
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layer 37. Under the GaP layer 36, a light transparent ?lm 34 
that is transparent With respect to an emitted light and a partial 
electrode 35 are formed. As the light transparent ?lm 34, a 
silicon oxide ?lm is used. The partial electrode 35 is ohmic 
contacted With the p-type GaP layer 36, and connected to the 
epitaxial layer side metal layer 33 at a loWer stage. 

The conductive substrate 31 may be a material selected 
from a group consisting of Si, GaAs, and Cu. In the third 
preferred embodiment, a p-type silicon substrate is used. 
Further, the anode electrode 8 is formed on a back surface 
(loWer surface) of the conductive substrate 31. 
The GaP layer 36 has a conductivity of p-type, a thickness 

of about 1 um, and a p-type dopant concentration of about 
4.5><10l8 cm_3. The concentrations of the hydrogen, carbon, 
and oxygen in the GaP layer 36 are controlled to have the 
same values as those of the current-spreading layer shoWn in 
TABLE 1. 

The electrode contact layer 37 comprises an n-type 
(AlxGal_x)yInl_yP (xz0, yz0.51, and a dopant is Te in the 
third preferred embodiment), and a dopant concentration is 
2><10l8 cm-3 . The cathode electrode 7 is formed on the upper 
surface of the electrode contact layer 37, and other part of the 
cathode electrode 7 than a part beneath the electrode contact 
layer 37 is removed. This is to prevent a decrease in an 
ef?ciency of taking out a light due to the electrode contact 
layer 37 having a light absorbing property. 

The epitaxial layer side metal layer 33 comprises a plural 
ity of metal layers including a gold (Au) layer. The epitaxial 
layer side metal layer 33 has a function for re?ecting a light 
emitted to a loWer direction from the light emitting layer 42 to 
an upper direction, and a function of an adhesive layer for 
joining With the substrate side metal layer 32. 

The substrate side metal layer 32 comprises a metal mul 
tilayer including a gold layer similarly to the epitaxial layer 
side metal layer 33. Un upper surface of the substrate side 
metal layer 32 is joined With the epitaxial layer side metal 
layer 33 by metal-joining, and a loWer surface of the substrate 
side metal layer 32 is ohmic-contacted With the conductive 
substrate 31. 
The light emitting part 4 comprises the p-type loWer clad 

ding layer 41, the light emitting layer 42, and the n-type upper 
cladding layer 43 similarly to that in the ?rst preferred 
embodiment. The loWer cladding layer 41 comprises a p-type 
(AlxGal_x)yInl_yP (xz0.7, yz0.51, and a dopant is Mg in the 
third preferred embodiment), in Which a dopant concentra 
tionis about 4><10l7 cm'3 and athickness is about 0.5 um. The 
light emitting layer 42 has a MQW structure comprising 
(AlxGa l_,€)yIn1_yP. The concentrations of the hydrogen, car 
bon, and oxygen in the light emitting part 4 are controlled to 
have the same values as those of the light emitting part shoWn 
in TABLE 1. 

In the third preferred embodiment, as the light emitting 
layer 42 having a multiquantum Well structure, (AlxGal_x)y 
In1_yP (xz0.5, yz0.51 in this example) and (AlxGal_ )yInl_yP 
(xz0, yz0.51 in this example) are used, and a peak Wave 
length of a light emitting energy spectrum of the light emit 
ting diode 30 is about 635 nm. This light emitting layer 42 is 
groWn Without doping (i.e. undoped). 

The upper cladding layer 43 comprises an n-type (Al,C 
Ga1_x)yIn1_yP (xz0.7, yz0.51, and a dopant is Te) With a 
dopant concentration of about 1><10l7 cm-3 and a thickness of 
about 2 um. 

The intermediate layer 5 comprises a p-type (AlxGal_x)y 
In1_yP (xz0, yz0.7, and dopants are Mg and Te) With a Mg 
(p-type dopant) concentration of about 5><10l8 cm_3, a Te 
concentration of about 5><10l7 cm-3 , and a thickness of about 
20 nm. The concentrations of the hydrogen, carbon, and oxy 
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gen of the intermediate layer 5 are controlled to have the same 
values as those of the intermediate layer shoWn in TABLE 1. 

In the third preferred embodiment, a light emitting diode 
chip having a surface siZe of about 300 um><300 um and a light 
emitting diode chip having a surface siZe of 1 mm><1 mm are 
manufactured, respectively. After mounting each of the light 
emitting diodes on a metal stem, the measurement of a light 
output and a forWard voltage and the reliability test Were 
carried out. As a result, the light output of about 6 mW that is 
a very high value can be obtained. The forWard voltage is 
about 1.90V that is considered as a good value. Further, the 
alteration in the light output and the forWard voltage Was not 
observed after the reliability test. Therefore, the light emitting 
diode 30 has excellent characteristics compared With the con 
ventional AlGaInP based light emitting diode in Which the 
light output is reduced by about 30% compared With the 
initial values. 
As the light emitting diode according to the present inven 

tion has a high light output, a loW poWer consumption, and a 
high reliability, the application to a signal apparatus, an exte 
rior lamp for a vehicle, a backlight module for a liquid crystal 
television or the like is possible. 

Although the invention has been described With respect to 
the speci?c embodiments for complete and clear disclosure, 
the appended claims are not to be thus limited but are to be 
construed as embodying all modi?cations and alternative 
constructions that may occur to one skilled in the art Which 
fairly fall Within the basic teaching herein set forth. 
What is claimed is: 
1. A light emitting diode comprising: 
a ?rst conductivity type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of 
Which is selected from a ?rst conductivity type Al,CO 
Ga1_xOAs (02x02 1); 

a loWer cladding layer comprising a ?rst conductivity type 
(Alx1Ga1_xl)ylIn1_y1P(0§x1§1,0.4§y1 20.6); 

a light emitting layer comprising an intrinsic semiconduc 
tor layer having a multiquantum Well structure compris 
ing an (Alx2Gal_x2)y2In1_y2P (0§x2§1, 0.4§y2§0.6); 

an upper cladding layer comprising a second conductivity 
type (Alx3Ga1_x3)y3In1_y3P (02x32 1, 0.4§y3§0.6); 
and 

a current spreading layer comprising a second conductivity 
type GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><10l7 cm_3, a ?rst carbon concentration is not more 
than 2><10l 6 cm_3, and a ?rst oxygen concentration is not 
more than 2><10l6 cm-3 in each of the loWer cladding 
layer, the light emitting layer, and the upper cladding 
layer, and a second hydrogen concentration is not more 
than 5><10l7 cm_3, a second carbon concentration is not 
more than 5><10l7 cm_3, and a second oxygen concen 
tration is not more than 2><10l 6 cm-3 in a partial region or 
in a total region of the current-spreading layer. 

2. The light emitting diode according to claim 1, further 
comprising: 

an intermediate layer provided betWeen the upper cladding 
layer and the current-spreading layer, the intermediate 
layer comprising (Alx7Ga1_x7)y7In1_y7P (02x72 1, 
0§y7 g 1) doped With a second conductivity type dopant 
having a concentration higher than that of a second 
conductivity type dopant in the upper cladding layer; 

Wherein a third hydrogen concentration is not more than 
1><10l8 cm_3, a third carbon concentration is not more 
than 1><10l8 cm_3, and a third oxygen concentration is 
not more than 5><10l 6 cm'3 in the intermediate layer. 
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3. The light emitting diode according to claim 2, wherein: 
the concentration of the second conductivity type dopant of 

the intermediate layer is not less than 5><10l7 cm_3, and 
the intermediate layer further includes a ?rst conductiv 
ity type dopant having a concentration loWer than that of 
the second conductivity type dopant. 

4. A light emitting diode comprising: 
a ?rst conductivity type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of 
Which is selected from a ?rst conductivity type 
(Alx4Gal_x4)y4lnl_y4P (02x421, 0.42y420.6); 

a loWer cladding layer comprising a ?rst conductivity type 
(AlxlGal_xl)yllnl_ylP (02x121, 0.42y120.6); 

a light emitting layer comprising an intrinsic semiconduc 
tor layer having a multiquantum Well structure compris 
ing an (Alx2Gal_x2)y2ln1_y2P (02x221, 0.42y220.6); 

an upper cladding layer comprising a second conductivity 
type (Alx3Gal_x3)y3lnl_y3P (02x321, 0.42y320.6); 
and 

a current spreading layer comprising a second conductivity 
type GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><10l7 cm_3, a ?rst carbon concentration is not more 
than 2><10l 6 cm_3, and a ?rst oxygen concentration is not 
more than 2><10l6 cm'3 in each of the loWer cladding 
layer, the light emitting layer, and the upper cladding 
layer, and a second hydrogen concentration is not more 
than 5><10l7 cm'3 , a second carbon concentration is not 
more than 5><10l7 cm_3, and a second oxygen concen 
tration is not more than 2><10l 6 cm'3 in a partial region or 
in a total region of the current-spreading layer. 

5. A light emitting diode comprising: 
a ?rst conductivity type GaAs substrate; 
a Bragg re?ection layer comprising materials selected 

from a ?rst conductivity type Alx5Ga1_x5As (02x521) 
and a ?rst conductivity type (Alx6Gal_x6)y6lnl_y6P 
(02x621, 0.42y620.6); 

a loWer cladding layer comprising a ?rst conductivity type 
(AlxlGal_xl)yllnl_ylP (02x121, 0.42y120.6); 

a light emitting layer comprising an intrinsic semiconduc 
tor layer having a multiquantum Well structure compris 
ing an (Alx2Gal_x2)y2ln1_y2P (02x221, 0.42y220.6); 

an upper cladding layer comprising a second conductivity 
type (Alx3Gal_x3)y3lnl_y3P (02x321, 0.42y320.6); 
and 

a current spreading layer comprising a second conductivity 
type GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><10l7 cm_3, a ?rst carbon concentration is not more 
than 2><10l 6 cm_3, and a ?rst oxygen concentration is not 
more than 2><10l6 cm-3 in each of the loWer cladding 
layer, the light emitting layer, and the upper cladding 
layer, and a second hydrogen concentration is not more 
than 5><10l7 cm_3, a second carbon concentration is not 
more than 5><10l7 cm_3, and a second oxygen concen 
tration is not more than 2><10l 6 cm-3 in a partial region or 
in a total region of the current-spreading layer. 

6. A light emitting diode comprising: 
an n-type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of 
Which is selected from an n-type AlxOGal_xOAs 
(02x02 1); 

a loWer cladding layer comprising an n-type (Al,Cl 
Gal_,d)yllnl P (02x121, 0.42y120.6); 
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a light emitting layer comprising an intrinsic semiconduc 

tor layer having a multiquantum Well structure compris 
ing an (Alx2Gal_x2)y2ln1_y2P (02x221, 0.4y220.6); 

an upper cladding layer comprising a Mg-doped p-type 
(Alx3Gal_x3)y3lnl_y3P (02x321, 0.42y320.6); and 

a current spreading layer comprising a Mg-doped p-type 
GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><10l7 cm_3, a ?rst carbon concentration is not more 
than 2><10l6 cm-3 , and a ?rst oxygen concentration is not 
more than 2><10l6 cm'3 in each of the loWer cladding 
layer, the light emitting layer, and the upper cladding 
layer, and a second hydrogen concentration is not more 
than 5><10l7 cm_3, a second carbon concentration is not 
more than 5><10l7 cm_3, and a second oxygen concen 
tration is not more than 2><10l 6 cm'3 in a partial region or 
in a total region of the current-spreading layer. 

7. The light emitting diode according to claim 6, further 
comprising: 

an intermediate layer provided betWeen the upper cladding 
layer and the current-spreading layer, the intermediate 
layer comprising (Alx7Gal_x7)y7lnl_y7P (02x721, 
02y721) doped With Mg to have a Mg concentration 
higher than that in the upper cladding layer; 

Wherein a third hydrogen concentration is not more than 
1><10l8 cm_3, a third carbon concentration is not more 
than 1><10l8 cm_3, and a third oxygen concentration is 
not more than 5><10l7 cm'3 in the intermediate layer. 

8. The light emitting diode according to claim 7, Wherein: 
the intermediate layer includes at least one element 

selected from a group consisting of Si, Se, and Te as an 
n-type dopant, and a total of n-type dopant concentration 
is not less than 5><10l7 cm'3 as Well as loWer than the Mg 
concentration. 

9. A light emitting diode comprising: 
an n-type GaAs substrate; 
a Bragg re?ection layer comprising at least tWo kinds of 

materials having different Al compositions, each of 
Which is selected from an n-type (Alx4Gal_x4)y4lnl_y4P 
(02x421, 0.42y420.6); 

a loWer cladding layer comprising an n-type (Al,Cl 
Ga1_xl)ylln1_ylP(02x121, 0.42y120.6); 

a light emitting layer comprising an intrinsic semiconduc 
tor layer having a multiquantum Well structure compris 
ing an (Alx2Gal_x2)y2ln1_y2P (02x221, 0.42y220.6); 

an upper cladding layer comprising a Mg-doped p-type 
(Alx3Gal_x3)y3lnl_y3P (02x3 21, 0.42y3 20.6); and 

a current spreading layer comprising a Mg-doped p-type 
GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><10l7 cm_3, a ?rst carbon concentration is not more 
than 2><10l 6 cm_3, and a ?rst oxygen concentration is not 
more than 2><10l6 cm'3 in each of the loWer cladding 
layer, the light emitting layer, and the upper cladding 
layer, and a second hydrogen concentration is not more 
than 5><10l7 cm_3, a second carbon concentration is not 
more than 5><10l7 cm_3, and a second oxygen concen 
tration is not more than 2><10l 6 cm'3 in a partial region or 
in a total region of the current-spreading layer. 

10. A light emitting diode comprising: 
an n-type GaAs substrate; 
a Bragg re?ection layer comprising materials selected 

from an n-type Alx5Ga1_x5As (02x521) and an n-type 
(Alx6Gal_x6)y6lnl_y6P (02x621, 0.42y620.6); 

a loWer cladding layer comprising an n-type (Al,Cl 
Gal_,d)yllnl P (02x121, 0.42y120.6); 
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a light emitting layer comprising an intrinsic semiconduc 
tor layer having a multiquantum Well structure compris 
ing an (Alx2Gal_x2)y2ln1_y2P (0§x2§1, 0.4y2§0.6); 

an upper cladding layer comprising a Mg-doped p-type 
(Alx3Gal_x3)y3lnl_y3P (02x32 1, 0.4§y3§0.6); and 

a current spreading layer comprising a Mg-doped p-type 
GaP layer; 

Wherein a ?rst hydrogen concentration is not more than 
2><10l7 cm_3, a ?rst carbon concentration is not more 
than 2><10l 6 cm_3, and a ?rst oxygen concentration is not 
more than 2><10l6 cm'3 in each of the loWer cladding 
layer, the light emitting layer, and the upper cladding 
layer, and a second hydrogen concentration is not more 
than 5><10l7 cm'3 , a second carbon concentration is not 
more than 5><1017cm_3, and a second oxygen concentra 
tion is not more than 2><10l 6 cm'3 in a partial region or in 
a total region of the current-spreading layer. 

11. A light emitting diode comprising: 
a conductive substrate; 
a multilayered crystal layer comprising a plurality of com 
pound semiconductor crystal layers joined With the con 
ductive substrate via a metal layer, the multilayered 
crystal layer comprising: 
a loWer cladding layer comprising a ?rst conductivity 

type (AlxlGal_xl)yllnl_ylP(02x1g1, 0.4§y1§0.6); 
a light emitting layer comprising an intrinsic semicon 

ductor layer having a multiquantum Well structure 
comprising an (Al,€2Ga1_,€2)y2lnl P (02x22 1, 
0.4§y2§0.6); and 

an upper cladding layer comprising a second conductiv 
ity type (Alx3 Ga H63 )y3 lnl_y3P (05x3 5 1, 
0.4§y3§0.6), sequentially deposited from a side in 
vicinity of the conductive substrate; and 

Wherein a hydrogen concentration is not more than 2><10l7 
cm_3, a carbon concentration is not more than 2><10l6 
cm_3, and an oxygen concentration is not more than 
2><10l 6 cm-3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer. 

12. The light emitting diode according to claim 11, further 
comprising: 

a ?rst conductivity type GaP layer provided betWeen the 
conductive substrate and the loWer cladding layer, 
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Wherein a hydrogen concentration is not more than 5><10l7 

cm_3, a carbon concentration is not more than 5><10l7 
cm'3 , and an oxygen concentration is not more than 
2><10l 6 cm'3 in at least a partial region of the GaP layer. 

13. The light emitting diode according to claim 12 further 
comprising: 

an intermediate layer provided betWeen the GaP layer and 
the loWer cladding layer, the intermediate layer compris 
ing (Alx7Gal_x7)y7lnl_y7P (0§x7§1, 0§y7§1) doped 
With a ?rst conductivity type dopant having a concen 
tration higher than that of a ?rst conductivity type dopant 
in the loWer cladding layer; 

Wherein a hydrogen concentration is not more than 1><10l 8 
cm_3, a carbon concentration is not more than 1><10l8 
cm'3 , and an oxygen concentration is not more than 
5><10l 6 cm-3 in the GaP layer. 

14. The light emitting diode according to claim 13, 
Wherein: 

the concentration of the ?rst conductivity type dopant of 
the intermediate layer is not less than 5><10l7 cm_3, and 
the intermediate layer further includes a second conduc 
tivity type dopant having a concentration loWer than that 
of the ?rst conductivity type dopant. 

15. The light emitting diode according to claim 14, 
Wherein: 

the conductive substrate comprises a material selected 
from a group consisting of Si, GaAs and Cu. 

16. A light emitting diode comprising: 
a conductive substrate; 
a light emitting part comprising: 

a ?rst conductivity type AlGalnP based loWer cladding 
layer; 

a light emitting layer comprising an intrinsic semicon 
ductor layer having an AlGalnP based multiquantum 
Well structure; and 

a second conductivity type AlGalnP based upper clad 
ding layer; 

Wherein a hydrogen concentration is not more than 2><10l7 
cm_3, a carbon concentration is not more than 2><10l6 
cm_3, and an oxygen concentration is not more than 
2><10l 6 cm'3 in each of the loWer cladding layer, the light 
emitting layer, and the upper cladding layer. 

* * * * * 


